ABSTRACT 388 hot subdwarf stars have been identified by using the Hertzsprung-Russell (HR) diagram built from the second data release (DR2) of the Gaia mission. By analyzing their observed LAMOST spectra, we characterized 186 sdB, 73 He-sdOB, 65 sdOB, 45 sdO, 12 He-sdO and 7 He-sdB stars. The atmospheric parameters of these stars (e.g., T eff , log g, log(nHe/nH)) are obtained by fitting the hydrogen (H) and helium (He) line profiles with synthetic spectra calculated from non-Local Thermodynamic Equilibrium (non-LTE) model atmospheres. Among these stars, we have 135 new identified hot subdwarfs which have not been cataloged before. Although 253 stars appear in the catalog by Geier et al. (2017) , but only 91 of them have atmospheric parameters. Together with the 294 hot subdwarf stars found by Lei et al. (2018) , we identified 682 hot subdwarf stars in total by using the Gaia HR-diagram and LAMOST spectra. These results demonstrate the efficiency of our method to combine large surveys to search for hot subdwarf stars. We found a distinct gap in our He-sdOB stars based on their He abundance, which is also presented in extreme horizontal branch (EHB) stars of the globular cluster (GC) ω Cen. The number fraction of the sample size for the two sub-groups is very different between the two counterparts. However, the distinct gap between the H-sdB stars and He-sdOB stars in ω Cen is not visible in our sample. More interestingly, the He-sdB population with the highest He abundance in our sample is completely missing in ω Cen. The discrepancy between our field hot subdwarf stars and the EHB stas in ω Cen indicate different origins for the two counterparts.
INTRODUCTION
Hot subdwarf (e.g., spectral type sdB, sdO and other sub-types of) stars are the exposed helium burning cores of red giant branch (RGB) stars. They have low stellar masses around 0.5 M and very thin H-rich envelopes (e.g., ≤ 0.01 M ; Heber 2009). Hot subdwarf stars play very important roles in many aspects of astrophysics. Studies on the formation of these special blue stars will vastly improve our understanding on stellar structure and evolution of low mass stars (Han et al. 2002 (Han et al. , 2003 . Pulsating hot subdwarfs studied by asteroseismology give insights into their interior structures (Kawaler et al. 2010; Charpinet et al. 2011; Baran et al. 2012; Battich et al. 2018; Zong et al. 2018) . Furthermore, the variety of surface chemical compositions in hot subdwarfs stars make them good samples to study atmotic diffusion processes (Hu et al. 2009 (Hu et al. , 2010 (Hu et al. , 2011 Naslim et al. 2013; Moehler et al. 2014; Jeffery et al. 2017; Németh 2017; Byrne et al. 2018) . Study on the counterparts of field hot subdwarfs in GCs (e.g., EHB stars) can help us understand the formation history and evolution processes of these old populations (Lei et al. 2015 (Lei et al. , 2016 (a) (b) subdwarf stars. LAMOST is a Chinese national scientific research facility operated by the National Astronomical Observatories, Chinese Academy of Sciences. It has a specially designed reflecting Schmidt telescope with 4000 fibers in a field of view of 20 deg 2 in the sky (Cui et al. 2012; Zhao et al. 2006 Zhao et al. , 2012 . LAMOST finished its pilot survey in 2012 and the first-five-years regular survey in 2017, respectively. The data from both the two surveys make up the fifth data release (DR5) of the LAMOST, in which spectra in the optical band (e.g., 3690-9100Å) for 8 171 443 stars, 153 090 galaxies, 51 133 quasars and 642 178 unknown objects have been obtained. This large spectral survey also provide us huge opportunities to analyze the spectra of many interesting objects, such as hot subdwarf stars. Lei et al. (2018, hereafter Paper I) selected 734 hot subdwarf candidates from the HR-diagram built by Gaia Collaboration et al. (2018b) . After analyzing the corresponding LAMOST spectra, they identified 294 hot subdwarf stars in their sample, which demonstrated an efficient and powerful method to search for hot subdwarf stars by combining the Gaia database and the LAMOST spectral database. However, to see the different structures clearly, the HR-diagram used to select hot subdwarf candidates in Paper I was built by the objects which are strictly filtered out from the database of Gaia DR2 (for the detailed filters see Gaia Collaboration et al. 2018b and Paper I ) , without considering the completeness of the sample. Actually, only 65 921 112 (e.g., about 33%) stars were selected from the whole 1.7 billion Gaia DR2 sources to build the HR-diagram by Gaia Collaboration et al. (2018b) , and only 734 of the selected candidates have LAMOST spectra, in which 490 spectra have good quality for further spectral analysis. It means that many hot subdwarf candidates were not included in the HR-diagram used in Paper I due to the strict data selection. Therefore, to recover the maximum number of hot subdwarfs by combining the Gaia DR2 database with the LAMOST DR5 database, we built a new HR-diagram by using all the objects from cross-matching the whole Gaia DR2 database and the whole LAMOST DR5 database, without any filters. Then we selected the hot subdwarf candidates in the new HR-diagram. This method can conserve most of the hot subdwarf stars which were not included in Paper I. This paper is structured as follows. In Section 2, we described our new candidates selection process. Spectral analysis and classification is presented in Section 3. Our results are shown in Section 4. Finally, a discussion and a summary are given in Section 5 and 6, respectively.
TARGET SELECTION
We cross-matched the whole Gaia DR2 data with the LAMOST DR5 catalog, and found 8 852 848 common objects. The HR-diagram was built by using the Gaia G BP -G RP color and absolute magnitude of the Gaia G band (i.e., M G ) Figure 2 . T eff -log g correlation and two dimensional error determination for a sdB star (LAMOST obsid: 223907015) . The color bar shows the chi-square variations with the parameters. The contours show the confidence intervals for 60, 90 and 99%. See the text for details.
for all the common objects, where their parallaxes are available and not negative. M G is calculated by the following equation:
M G = G − 5log 10 (1000/ ) + 5,
where is the parallax in milliarcseconds (mas) and G is the apparent magnitude in the Gaia G band. To include the maximum number of hot subdwarfs in our sample, we did not apply any filters when building the HR-diagram. Since the candidates selected from this step will be fitted by synthetic spectra, no extinctions are considered in our HR-diagram. These measures ensure that the new selection method obtains a larger sample of candidates than the one in Paper I.
Panel (a) in Fig 1 shows the new HR-diagram. Due to the influences of extinctions, the main-sequence (MS) appears much wider, and the red giant branch (RGB) can not be distinguished from the MS. Fortunately, the white dwarf (WD) sequence and hot subdwarf sequence separate more clearly from the MS in the HR-diagram due to their much bluer colors than the majority of MS stars. The black triangles in Panel (a) are the candidates we selected visually around the hot subdwarf regions. To include hot subdwarf stars as many as possible in our sample, we extended our selection region very close to the left of the wide MS. Because some real hot subdwarf stars could settle into these regions due to large extinctions, or some hot subdwarf binaries with low mass companions also would locate in these areas. The magnified area for the candidates selection is showed in Panel (b) of Fig 1 for clarity.
Using the method described above, we totally selected 2 074 candidates in the HR-diagram. As we expected, this sample is about 3 times bigger than the one selected in Paper I (e.g., 734 candidates with LAMOST spectra in Paper I). After removing the objects we had analyzed in Paper I, we have 1431 objects left in our sample. We also removed the objects with the signal to noise ratio (SNR) in u band less than 10 to guarantee a good quality of spectral analysis in our follow up study, which reduced the sample to 592 objects. After removing double-lined spectroscopic binaries, and spectra with obvious spectral contamination from nearby cool stars (e.g., Mg I triplet lines at 5170Å and/or Ca II triplet lines at 8650Å), we finally selected 441 candidates suitable for a spectral analysis.
SPECTRAL ANALYSIS AND CLASSIFICATION
We employed the spectral analysis tool, XTgrid (Németh et al. 2012 (Németh et al. , 2014 , to analyze the observed LAMOST spectra as we did in Paper I. This program fits the observed data with synthetic spectra (Synspec version 49; Lanz et al 2007) calculated from non-LTE model atmopsheres (Tlusty version 204; Hubeny & Lanz 2017) . The best fitting model is searched for iteratively with a successive approximation method along the steepest-gradient of the χ 2 field. The parameter uncertainties have been estimated by mapping the ∆χ 2 field until the 60 per cent confidence level at 4000 4100 4200 4300 4400 4500 4600 4700 4800 4900 5000 5100 5200 wavelength(Å) the given number of free parameters was reached. Standard uncertainties in XTgrid are derived in one dimension, because parameter correlation calculations are extremely costly with non-LTE models and global, grid-less fitting. The global minimization procedure is pursued until all gradients vanish and parameter correlations are minimal. Then each parameter is changed until the 60 percent confidence level is reached to find the corresponding error bars. Our procedure applies the degree of freedom corresponding to the number of free parameters to set up confidence interval limits. Then a parabola is fitted to the data points obtained for a given parameter, and the error bar is measured from the parabolic fit.
We have upgraded XTgrid with a new procedure to calculated two dimensional errors and uncover the correlation between T eff -log g. Fig 2 shows an example of the T eff -log g correlation and error determination for a sdB star (LAMOST observation ID (obsid): 223907015). The color bar shows the chi-square variations with the parameters. XTgrid follows the chi-square gradients of all parameters to find the best fit for the observation. The final model is represented here by the intersection of the black lines. During error calculations new models are calculated radially outward from the best fit until the confidence limit is reached. The data points along the lines represent the values that have been calculated from model atmospheres. The missing grid points have been interpolated from their neighbors. The color coding is the interpolated and smoothed chi-square field around the best fit. The contours show the confidence intervals for 60, 90 and 99%. From these data asymmetric error bars are derived. Then, in an additional step, the asymmetric error bars are recalculated to symmetric errors, as represented by the white error bars.
Fig 3 gives some examples of the best fitting models for different subdwarf types. In each panel, the black solid curves represent the normalized LAMOST spectra, while the red dashed curves represent the best-fitting synthetic spectra. The long integers in the right of panel are the LAMOST obsids. From Panel (a) to (f), the best fitting models for sdB, sdO, sdOB, He-sdB, He-sdO and He-sdOB are presented respectively. In each panel, the SNR of u band decreases from top to bottom. By fitting the observed spectra, we obtained the atmospheric parameters for the 441 hot subdwarf candidates. As we did in Paper I, candidates with T eff ≥ 20 000 K and log g ≥ 5.0 cm s −2 are identified as our hot subdwarf stars, while candidates with log g < 5.0 cm s −2 and log g < 4.5 cm s −2 are considered as blue horizontal branch (BHB) stars and B type MS stars, respectively (Németh et al. 2012) .
We adopted the same classification scheme as in Paper I to classify our hot subdwarfs (see Paper I, Moehler et al. 1990 , Geier et al. 2017a 
RESULTS
By using the method described in Section 3, we identified 388 hot subdwarfs in this study. Based on the classification scheme of Paper I, 186 sdB, 73 He-sdOB, 65 sdOB, 45 sdO, 12 He-sdO and 7 He-sdB stars are classified, respectively. We also cross-matched our hot subdwarfs with the hot subdwarfs cataloged by Geier et al. (2017a) , Németh et al. (2012) , and Luo et al. (2016) , and got 253, 12 and 50 common stars, respectively. Note that nearly all the hot subdwarfs in Németh et al. (2012) and Luo et al. (2016) are cataloged by Geier et al. (2017a) . It means that 135 new hot subdwarf stars are found in this study, which have not been cataloged before. Furthermore, Among the 253 common stars with Geier et al. (2017a) , only 91 stars have their parameters available in the catalog, which are mostly taken from Németh et al. (2012) and Luo et al. (2016) .
The parameters of the 388 hot subdwarf stars are listed in Table 1 . Columns 1-4 give the right ascension (RA), declination (DEC), LAMOST obsid and Gaia source id. Next, columns 5-7 give the T eff , log g and log(nHe/nH) fitted by XTgrid. Columns 8-10 list the SNR in the u band, the apparent magnitude in the Gaia G band and the spectral classification, respectively. The common stars in Geier et al. (2017a) are marked with * in Table 1 , and the common stars with Németh et al. (2012) are marked by † , while the common stars with Luo et al. (2016) are marked by ‡ . In table 1, the symbol '>' in log(nHe/nH) denotes an upper limit of the He abundance, when XTgrid could not find the error bars mostly due to the low quality of the spectra.
Parameter diagrams
Panel (a), (b) and (c) in Fig 4 show the T eff -log g, T eff -log(nHe/nH) and log g-log(nHe/nH) diagram for the 388 identified hot subdwarfs, respectively. The He-sdB, He-sdO, He-sdOB, sdB, sdO and sdOB stars are marked by magenta stars, aqua left triangles, red diamonds, black circles, green squares and blue up triangles, respectively. The zero-age HB (ZAHB) and terminal-age (TAHB) with [Fe/H]=-1.48 from Dorman et al. (1993) are represented by two dashed lines in Panel (a), while the He-MS from Paczyński (1971) is denoted by a black solid line. We also show three evolution tracks for hot HB stars by three brown dotted curves with masses from top to bottom: 0.495, 0.490 and 0.488, respectively. The dotted line in Panel (b) is the linear regression line used to fit the He-rich sequence by Edelmann et al. (2003) , while the dot-dashed line is the regression line used to fit the He-weak sequence by Németh et al. (2012) . The red horizontal dashed line in Panel (b) and (c) denotes the solar He abundance (log(nHe/nH) = −1).
Panel (a) of Fig 4 shows that most of the sdB (i.e., black circles) and sdOB stars (i.e., blue up triangles) are well in the region defined by the ZAHB and TAHB lines, which indicates that these stars are He core burning stars. In addition, our sdOB stars present higher temperatures and gravity than sdB stars. On the other hand, most He-sdOB stars (red diamonds) evolve off the TAHB and cluster near T eff =45 000 K and log g=5.6 cm s −2 , but we also find a few He-sdOB stars in the bottom areas defined by the ZAHB and TAHB, and overlap with our sdOB stars. Both sdO stars (i.e., green squares) and He-sdO stars (i.e., aqua left triangles) show very high temperatures (e.g., T eff >40 000 K), and some of them even have their temperatures over 70 000 K. Moreover, the gravity of these two groups also cover a wide range. 7 He-sdB stars are found in our sample, which are marked by magenta stars in Fig 4. These stars have the temperature around 40 000 K, but a wide coverage of gravity.
Two distinct He sequences (e.g., He-rich sequence fitted by the dotted line (Edelmann et al. 2003) and He-weak sequence fitted by the dot-dashed line (Németh et al. 2012) ) are clearly presented in Panel (b) . This obvious characteristics in field hot subdwarfs was first found by (Edelmann et al. 2003) and confirmed later by many other authors (Németh et al. 2012; Geier et al. 2013; Luo et al. 2016; Paper I) . One can see from Panel (b), the He-rich sequence consists of sdB, sdOB, He-sdOB and He-sdB stars, while the He-weak sequence consists of all the sdO stars and several sdB stars with very low He abundances (e.g., log(nHe/nH) <-3.0). However, due to the low resolution of the LAMOST spectra (e.g., λ/∆λ=1800), the He abundances for some of He-poor sdB stars are difficult to obtain Table 1 . Information on the 388 hot subdwarf stars identified in this study. From left to right, it gives the right ascension (RA), declination (DEC), LAMOST obsid, and Gaia source id. Next the T eff , log g and log(nHe/nH) are listed from the XTgrid fits. Next, the SNR for the u band, the apparent magnitudes in the Gaia G band and spectral classification are listed, respectively. a Stars labeled with * also appear in the hot subdwarf catalog of Geier et al. (2017a) .
b Stars labeled with † also appear in Németh et al. (2012) .
c Stars labeled with ‡ also appear in Luo et al. (2016) .
d ">" denotes an upper limit of log(nHe/nH) for the object. Edelmann et al. (2003) and Németh et al. (2012) , respectively, while the red dashed line marks the solar value of He abundance. Panel (c): log g-log(nHe/nH) diagram for the 388 hot subdwarf stars identified in this study.
or are obtained with very large uncertainties (e.g., log(nHe/nH) <-3.5). For such objects we report an upper limit of log(nHe/nH) =-3.0 in this study. Considering this influence, one would expect that there could be more sdB stars make up the He-weak sequence in Panel (b). On the other hand, most He-sdO stars in our sample (i.e., aqua left triangles) are located in the region between the two regression lines, but much closer to the He-weak sequence. More interestingly, the He-sdOB stars in our sample (i.e., red diamonds) are split into two sub-groups by a distinct gap at T eff =40 000 K and log(nHe/nH)=0.0. This distinct gap is also present in other studies (e.g., Fig 6 in Németh et al. 2012; Fig 8 in Luo et al. 2016; Fig 4 and Fig 5 in Heber 2016; Fig 7 in Paper I) . Further work using higher resolution data and more complex models are needed for this feature, a detailed study on this aspect is out the scope of this paper. The distribution of hot subdwarf stars in our sample covers a wide range of gravity in Panel (c).
Comparison with other studies
Like in Paper I, we also compared the atmospheric parameters of the stars that are common in our study and other studies, where the atmospheric parameters are available. Panel (a) and (b) in Fig 5 show the results from a comparison of our study and in Németh et al. (2012) , Luo et al. (2016) , respectively. One can see that the T eff and log(nHe/nH) in our study matched well with the values from the two other studies. However, a larger dispersion is present in gravity than in the other two parameters in Fig 5. Note that, the hot subdwarf spectra in Németh et al. (2012) are obtained in the GALEX survey, which have different quality (e.g., SNR) from our LAMOST spectra. Further more, the atmospheric models used in Németh et al. (2012) contain H, He, C, N and O compositions, while the atmospheric models used in this study contain H and He compositions only. On the other hand, although the atmospheric models and fitting procedure used in Luo et al. (2016) are the same with the ones we used in this study, but the spectra used for spectral analysis also could be different. Luo et al. (2016) selected candidates from LAMOST DR1, while we selected candidates from LAMOST DR5. The spectra could be different in SNR even for the same objects due to the repeat observations in LAMOST. These facts can result in the large gravity discrepancy between these two studies and our results. Nevertheless, the values of log g in our study are comparable to the ones in other studies, and the comparison results showed in Fig 5 demonstrate the reliability of the spectral analysis in this study.
DISCUSSION
The counterparts of field hot subdwarf stars in GCs are the EHB and blue hook (BHk) stars (Heber 2009 (Heber , 2016 D'cruz et al. 2000; Brown et al. 2001 , 2016 , Latour et al. 2014 . Although these stars are burning He in the cores or even have evolved off the TAHB, the origin of the two counterparts could be different due to the very different environments, ages and initial compositions (for some formation scenarios of the two counterparts see Han et al. 2002 Han et al. , 2003 Chen et al. 2013; Zhang et al. 2012 Zhang et al. , 2017 Lei et al. 2015 Lei et al. , 2016 Xiong et al. 2017; Wu et al. 2018) . Latour et al. (2018) analyzed the spectra of 152 EHB stars in ω Cen, which were obtained with the FORS1 and VIMOS spectrographs equipped on the Very Large Telescope (VLT, ESO). The atmospheric parameters (e.g., T eff , log g and log(nHe/nH)) are derived by adopting non-LTE model atmospheres. Latour et al. (2018) found three distinct groups presented in their sample, e.g., H-sdB stars (the coolest H-rich stars), H-sdO stars (the hottest H-rich stars) and He-sdOB stars (see Fig 5 in their study) . Moreover, the He-sdOB group can be further sub-divided into two sub-groups based on their He abundances. Since the sample size of the analyzed EHB stars in ω Cen is big enough, Latour et al. (2018) also compared their results with four representative samples of field hot subdwarfs (i.e., Edelmann et al. 2003; Lisker et al. 2005; Stroeer et al. 2007; Németh et al. 2012) . They found that the two distinct He sequences present in field hot subdwarfs also appear in ω Cen EHB stars. However, the number fractions among different groups of EHB stars in ω Cen are very different from the ones found in the field. The He-sdOB populations (corresponding to BHk stars) in ω Cen are less represented in field hot subdwarf stars (e.g., ≈ 5% in the galactic disk, and ≈ 23% in Hot subdwarfs in this study and Lei et al. (2018) He-sdB n=9 He-sdO n=19 He-sdOB n=104 sdB n=355 sdO n=67 sdOB n=128 20000 30000 40000 50000 60000 70000 80000 EHB stars in cen from Latour et al. (2018) He-sdOBs n=10 H-sdOs n=15 H-sdBs n=39 unknown n=1 He-sdOBs n=87 Figure 6 . Comparing the 682 hot subdwarf stars identified in this study and Paper I with the ω Cen EHB stars analyzed by Latour et al. (2018) the galactic halo, while ≈ 52% in ω Cen; Geier et al. 2017b ). The results in Latour et al. (2018) demonstrated that BHk stars in GCs could experience a different formation origin from field hot subdwarf stars. Similar results have been obtained by Heber (2016, see Fig 23 in their study) by comparing EHB stars in ω Cen and NGC 2808 with the field hot subdwarf stars from the ESO-SPY project. They also concluded that He-rich hot subdwarf stars in the field are hotter than the He-rich EHB stars in GCs, and the He enrichment is higher in many field stars than that of the most He enriched stars in GCs.
Teff(K)
To have a more clear understanding on this problem, we also compared the field hot subdwarf stars identified in this study and Paper I (682 stars in total, including 355 sdB, 128 sdOB, 104 He-sdOB, 67 sdO, 19 He-sdO and 9 He-sdB stars) with the EHB stars in ω Cen analyzed by Latour et al. (2018) . As described by Latour et al. (2018) , there are three distinct groups of EHB stars in ω Cen 2 . The H-sdB stars in ω Cen (i.e., green solid circles in the right panel) correspond to our sdB stars (i.e., black circles in the left panel). These stars have the lowest He abundance and temperatures (e.g., log(nHe/nH) < -2 and T eff < 32 000 K) among the three groups. The He-sdOB group in ω Cen can be sub-divided into two sub-groups, e.g., a high He abundance group (i.e., purple solid circles in the right panel) and a low He abundance group (i.e., blue solid circles). This group corresponds to our He-sdOB stars (i.e., red diamonds in the left panel). As we described in Section 4, our He-sdOB stars can be divided into two distinct groups based on their He abundances as well. Furthermore, the He-sdOB sub-group with low He in ω Cen is much bigger in size than the He-sdOB sub-group with higher He (e.g., 87 vs 10, or the number fraction of 90% vs 10%). However, it is the opposite case in our He-sdOB samples, that the low He group is much smaller in size than the high He group (e.g. 33 vs 71, or the number fraction of 32% vs 68%) in our sample. Moreover, similar to the conclusion in Heber (2016) , our He-sdOB stars in the high He group present higher temperatures (e.g., most of them have T eff > 40 000 K) than the high He He-sdOB stars in ω Cen (e.g, many of them have T eff < 40 000 K). There is a distinct gap between H-sdB stars and He-sdOB stars in ω Cen (see the right panel). As mentioned by Latour et al. (2018) this gap is predicted by the normal EHB models and delayed He-flash models (Miller Bertolami et al. 2008; Moehler et al. 2011 , Lei et al. 2015 , 2016 . However, this distinct gap is not present in our sample (see the left panel), and it seems to be filled up by some sdB stars and sdOB stars in the same region. The H-sdO stars in ω Cen (i.e., red solid circles in the right panel) correspond to our sdO stars and He-sdO stars (e.g., green open squares and aqua left triangles in the left panel). Although the He-rich stars belong to this group of ω Cen (e.g., log(nHe/nH) > -1) are much less in numbers than that of in our sample (e.g., 3 vs 19), but the number fraction are comparable for the two groups (e.g., 21% in our sdO and He-sdO samples vs 20% in ω Cen H-sdO stars). In the left panel, we find 9 He-sdB stars (i.e., magenta stars), which have the highest He abundance (e.g., log(nHe/nH) > 1) in our sample, but this group is missing in ω Cen. Fig 7 shows the comparison of our hot subdwarfs and the ω Cen EHB stars in T eff -log g diagram. The two dashed lines are the ZAHB and TAHB sequences with Y = 0.24 from Latour et al. (2018) , while the two thin solid lines are the ZAHB and TAHB sequences with Y = 0.40 from Latour et al. (2018) . The thick solid line is the He-MS from Paczyński (1971) . One can see that the gap between the H-sdB stars and He-sdOB stars in ω Cen discussed above shows up clearly in the right panel of Fig 7. This gap is filled up by sdB stars and a few sdOB stars in our sample (see the left panel). The comparison between our hot subdwarfs and the ω Cen EHB stars in the log g-log(nHe/nH) diagram is showed in Fig 8. The panel on the right reveals a a strong positive correlation between gravity and He abundance in ω Cen. However, this correlation appears more obscure in the field (see the left panel).
The comparison results presented in this section come to a similar conclusion as in Latour et al. (2018) and Heber (2016) that the formation origins of field hot subdwarf stars and EHB stars in GCs are likely different in some aspects. Detailed theoretical models are needed to uncover the underlying differences of these populations. The two sub-groups of He-sdOB stars in the T eff -log(nHe/nH) diagram which are clearly present in the EHB stars of ω Cen also appear in our LAMOST field sample. However, this feature is not present in the ESO-SPY sample of field subdwarfs (see lower left hand panel of Fig 23 in Heber et al. 2016 ). This could be due to the fact that the size of the He-sdOB group in ESO-SPY sample is much smaller than that of our LAMOST sample.
SUMMARY
We have selected 2074 hot subdwarf candidates in the HR-diagram which was built by cross-matching the Gaia DR2 database with the LAMOST DR5 spectral database. After conducting a detailed spectral analysis, we identified 388 hot subdwarf stars among 441 candidates. The atmospheric parameters have been derived from non-LTE model atmospheres, and 186 sdB, 73 He-sdOB, 65 sdOB, 45 sdO, 12 He-sdO and 7 He-sdB stars were found in our study. Together with the 294 hot subdwarf stars found in Paper I, we totally identified 682 hot subdwarf stars by combining the Gaia database with the LAMOST database, among which, 241 hot subdwarf stars are newly identified that were not cataloged before. While 441 stars have records in the catalog of Geier et al. (2017a) , but 255 of them have no atmospheric parameters. It means that we not only identified 241 new hot subdwarf stars, but also newly obtained atmospheric parameters for 255 hot subdwarf stars which were already cataloged in Geier et al. (2017a) . These results indicate the efficiency of our method to select hot subdwarf candidates by cross-matching these two large survey EHB stars in cen from Latour et al. (2018) He-sdOBs n=10 H-sdOs n=15 H-sdBs n=39 unknown n=1 He-sdOBs n=87 
